As the development of topological band theory, comprehensive databases about time reversal and crystalline symmetries protected nonmagnetic topological materials were developed via firstprinciples calculations recently. However, owing to the low symmetry requirement of Weyl points, the symmetry-based topological indicator cannot be applied to Weyl semimetals (WSMs). Hitherto, the WSMs with Weyl points in arbitrary positions are still absent in the well-known databases. In this work, we develop an efficient algorithm to search for Weyl points automatically and establish a database of nonmagnetic WSMs with Weyl points near Fermi level based on the total experimental noncentrosymmetric crystal structures in the Inorganic Crystal Structure Database (ICSD). Totally 49 Weyl semimetals were discovered to have nearly clean Fermi surface and Weyl points near Fermi level within 300 meV, and 12 of them are chiral structures hosting the quantized circular photogalvanic effect. In addition, the nonlinear optical response is studied and giant shift current is explored in the end. Besides nonmagnetic WSMs, our powerful tools can also be used in the discovery of magnetic topological materials. * These two authors contributed equally † ysun@cpfs.mpg.de 1 arXiv:1911.10085v2 [cond-mat.mtrl-sci] 
INTRODUCTION
Since the discovery of topological insulators [1] [2] [3] [4] [5] [6] [7] , topological band theory has been widely applied to solid state materials [8] [9] [10] [11] and leads to the further classification of both insulators [12] [13] [14] [15] [16] and semimetals [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] based on the quantum topological invariants. The development of the topological semimetals stimulated extensive research in understanding a variety of topological properties. Very recently, some comprehensive databases for the symmetry protected nonmagnetic topological states were established by three independent works [28] [29] [30] . These useful databases contain not only the topological insulators, but also the semimetals with degeneracy points located at high-symmetric lines or points. However, in these databases, an important category of topological materials, eg. the Weyl semimetal (WSM) whose degeneracy point can locate at any position in the entire Brillouin zone, is still absent.
Generally speaking, topological semimetals are the systems whose conduction and valence bands cross with each other in the Brillouin zone and cannot be removed by perturbations of Hamiltonian without breaking specific symmetries. Topological WSM is such a material with double degeneracy Weyl points. Compared with other topological states, the WSM is extraordinary since the topology is not protected by any crystalline symmetry. It can only appear in the system whose spin degeneracy is removed by breaking time reversal or spacial inversion symmetry. In this case, the bands that create the Weyl points take the 2 × 2 Weyl equation form, H = ±v F k · σ, which can be viewed as half of the massless Dirac equation with defined chirality in three-dimensional space [31] . Because a two-bands model Hamiltonian can be described by a linear combination of three Pauli matrices generally, the linear band crossing can be obtained by tuning the parameters without considering any additional conditions. Therefore, except for time reversal or spacial inversion symmetry, the lattice periodic boundary condition is the unique requirement for Weyl points. Accordingly, the identification of topology based on the characteristics of high-symmetry points does not work anymore for WSMs, and that is why the WSMs are still absent in the comprehensive databases [28] [29] [30] .
In this work, we only focus on the experimental structures to complete the databases by including nonmagnetic WSMs. The total information about their topological properties is listed in the Supplementary Information. At the same time, two effective tools used for generating Wannier function automatically and searching Weyl points are developed in Fig. 1. The accuracy of them is essential for finding materials with observable properties of Weyl points, Some of them have already been theoretically predicted and experimentally confirmed, such as the family of TaAs [21] [22] [23] [24] . Except type-I and type-II WSMs, 12 chiral WSMs with inversion and mirror symmetries breaking are also listed in our database. For chiral WSMs, the truly quantized circular photogalvanic effect could be induced by the energy difference of Weyl points with opposite chirality. Moreover, we explored the bulk photovoltaic effect (BPVE) [32] of all these noncentrosymmetric WSMs. A giant BPVE which reach up to 700µA/V 2 is predicted, and some of them can even extend to the regime of visible light.
RESULTS AND DISCUSSION

Algorithm Design
Our automatic workflow for searching nonmagnetic WSMs is shown in Fig. 1 . It includes two crucial algorithms, the Wannier function generation and Weyl points search.
Constrained by the accuracy of the density functional theory (DFT), we don't consider any strong correlated systems while beginning our work with the experimental noncentrosymmetric crystal structures in the Inorganic Crystal Structure Database (ICSD) [33] . After Fig. 1(b) . In the nonmagnetic first-principles calculations, we select s orbitals of alkaline-earth metals, d Wannier TB model Hamiltonian orbitals of transition metals and s + p orbitals of p-block elements as the minimum basis sets. Thus, we can label the maximum weight value among the selected band as r. The weight represent the ratio of selected basis projection. If the weight r is smaller than 0.8, the minimum basis sets will be insufficient to produce the DFT band structure; hence, we switch the bases to the maximum basis sets which include s + p + d orbitals of all the elements.
With the selected basis sets, the inner projection energy window can be easily fixed as 90% of the maximum weight value r. Subsequently, we loop over the outer projection energy window and check the mean absolute error between the DFT and Wannier band structures around the Fermi level until the error is smaller than 0.02 eV. Meanwhile, it is noteworthy that a good projection can be always guaranteed because of the large band gap between valence and core states.
Using the high-symmetry tight-binding (TB) model Hamiltonians obtained in the con- the Berry phase will increase in some fine parallelepiped and finally reach a value n × 2π, where n is an integer, corresponding to a single Weyl point. In our calculations, the parallelepiped is refined to around 1/1600 3 of the reciprocal lattice to obtain the Berry phase with n 0.99.
Representative Materials
Despite having as many as 8896 noncentrosymmetric candidates, we only find 49 non- Fig. 2(a) . The energy dispersion calculated by DFT is given in Fig. 2(d) .
36) as shown in
It presents a semimetallic structure with small electron and hole pockets located around Γ and Y points, respectively. With inversion symmetry breaking, the spin degeneracy is 6 lifted. Finally, two pairs of Weyl points, a minimum number of Weyl points in time-reversalsymmetric systems, would be generated. Because of the C 2z rotation and the time reversal symmetry, the Weyl points are constrained in the k z = 0 plane as shown in Fig. 2(b Fig. 2(e) . The Fermi arc length can be ∼ 15% of the reciprocal lattice vector, which makes it easy to detect by surface detection methods, such as angle-resolved photoemission spectroscopy (ARPES) and scanning tunnelling microscopy (STM).
The other example Ag 2 S is a hybrid WSM [36] containing both two kinds of Weyl points.
It also has an orthorhombic crystal structure with space group P 2 1 2 1 2 1 (No. 19) , as shown in Fig. 3(d) , we find these Weyl points belong to two different classes, the type-I Weyl points with chirality +1 (W1) and the type-II Weyl points with chirality -1 (W2). They are distinguished by different color in Fig. 3 . At the same time, the type-II Weyl points W2 can also be located by the linear-crossing-like Fermi surface in Fig. 3(e) if we put the chemical potential at W2.
One point we need to emphasized is that Ag 2 S does not present any mirror symmetry.
Although the mirror symmetry is not necessary for the existence of Weyl points, the chirality of Weyl points must be odd with mirror operations. Therefore, the mirror symmetry forces one pair of Weyl points with opposite chirality locate at the same energy. In another words, WSM without mirror symmetry exhibits a net chirality if the Fermi energy is located between one pair of Weyl points with opposite chirality. One of the most important properties for mirror-symmetry-broken WSMs is the quantized circular photogalvanic effect [37, 38] , which is the only possible quantized signal induced by the monopole Weyl point so far. This can also be applied to Ag 2 S with W1 ∼ 23 meV above the charge neutral point and W2 ∼ 28 meV below the charge neutral point, as illustrated in Fig. 3(d) . Because the charge carrier density is only around 5 × 10 20 /cm 3 and the contribution of the trivial Fermi surfaces can be neglected, Ag 2 S may be an ideal candidate to observe the quantized circular photogalvanic effect.
The chiral WSM Ag 2 S is further confirmed by the chiral surface Fermi arcs. Fixing the energy at W1 and W2, we can obtain the extremely long chiral Fermi arcs in (001) surface in Fig. 3(f) Beside the largest shift current candidate BiTeI, we also find another two kind of candidates. One is multifunctional candidates combining topology, strong shift current, and superconductivity. As indicated in Fig. 4(b-c) , the shift current tensor can reach up to σ zzz = 564 µA/V 2 and σ zzz = 250 µA/V 2 for the new found WSMs LaIrP and LaRhP, respectively. In addition, since both LaIrP and LaRhP are superconductors [41] with transition temperatures T c = 5.3 K and 2.5 K, these two materials will provide good platform for the study of the interplay among topology, superconductivity and nonlinear optical responses. The other one is the candidates with large photon energy. For all these WSMs with large shift current in Table 2 of Supplementary Information, we find that the peak value of σ ijk locates at an energy below 1 eV, except SrHgSn, CaBiAg and CaCdPb. Fig. 4(d) shows the shift current tensor of SrHgSn with space group P 6 3 mc (No. 186) as an example.
One can find a peak value σ zzz = 165 µA/V 2 in photon energy ∼ 1.8eV , which is already located at the range of red light.
Therefore, our database shows that huge shift current can be obtained in both infrared and visible spectrum in noncentrosymmetryic WSMs, and it provides exotic material candidates for the study of interplay of different functions based on WSMs. We take these crystal structures as the input of the full-potential local-orbital (FPLO) minimum-basis code [42] . Here we choose the generalized gradient approximation of the Perdew-Burke-Ernzerhof functional [43] as the exchange-correlation potential. A dense 12 × 12 × 12 k-mesh is used in the static nonmagnetic calculation. SOC is also included self-consistently during the workflow. In order to get the surface states of WSMs, Green's function method [44, 45] is applied with a half-infinite boundary condition.
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